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@ Monoiy address space determination using progranrmi^le limit registers with single-ended 
comparators. 



I An apparatus for determining cacheable address and write-protect memory address regions in a 
computer system which includes a programmable single-ended limit register and a single comparator 
to determine each such region. A programmable Pimit register associated with each respective memory 
address region defines a boundary limit ior each of the respective merrwry regions. A single address 
comparator associated with each respective limit register detenmlnes whether a memory address 
developed by the computer system resides between the respective boundaries provided by the value 
stored in the respective progi^nmable lonit register and a predefined address. The use of a ^gle Omit 
register and a single address comparator for each memory address region reduces the gate count and 
decreases the input buffer loading in the logic circuitry. 
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The present invention relates to microprocessor 
caches in computer systems, and more specifically to 
a method for detemnining cacheable address and 
write protect menrK>ry address regions In a computer 
system using a preset memory address value and a 
programmable single ended limit regl^er to provide 
the respective memory address boundaries for each 
respective memory address region. 

The personal computer industry is a vibrant and 
grov^ng field that continues to evoh^ as new inno- 
vations occur. The driving force behind this innovation 
has been the Increasing demand for faster and nK>re 
powerful computers. A major bottleneck in persor^l 
computer speed has historically been the speed wfth 
which data can be accessed from memory, referred to 
as the memory access time. The microprocessor, with 
its relathfely fast processor cyde times, has generally 
had to wait during menrary accesses to account for 
the relatively slow memory access times. Therefore, 
improvement in memory access times has been one 
of tiie major areas of research in enhancing computer 
performance. 

In order to bridge the gap between fast processor 
cyde times and slow memory access times, cache 
memory was developed. A cache is a smaD anKHjnt of 
very fast, expensive, zero wait state memory that is 
used to store a copy of frequentiy accessed code and 
data from system memory. The microprocessor can 
operate out of thte very fast menrtory and therel>y 
reduce the number of wait states that must be inter- 
posed during memory accesses. When the processor 
requests data from memory and the data resides in 
ttie cache, then a cache read hit occurs, and the (teta 
from the nf^emory access can be returned to the pro- 
cessor fipom the cache witiiout Incurring wait states. If 
ttie data Is not in ttie cache, then a cache read miss 
occurs, and ttie memory request is forwarded to the 
system memory. The data is then retrieved from sys- 
tem memory as would normally be done If ttie cache 
did not exist 

The management or control of a cache is gener- 
ally perfonmed by a device referred to as a cache con- 
trdler. The cache controller Is prindpally responsible 
for keeping track of the contents of the cache as well 
as oontnolling data movement Into and out of the 
cache. One responsibilfty of ttie cache controQer is the 
preservation of cache coherency, which refers to ttie 
requirement that the copy of main nnennory held in ttie 
cache be identical to the data hekl in main memory. 
The cache controller also generally responsible for 
ttie detemnlnatton of which main memory addresses 
are capable of residing in the cache, referred to as 
cacheable addresses. 

Microprocessor caches are genereDy able to 
cache most of ttie memory addresses in main mem- 
ory. However, some memory addresses are defined 
as non-cacheable, or incapable of residing In the 
cadie. because of cache cohmncy reasor^. One 



example of memory that is generally designated as 
non-cacheable is memory ttiat is dual ported or cap- 
able of being accessed t>y different ports. Dual ported 
memory is generally defined as being non-cacheable 
5 because of the cache coherency problems that are 
assodated witti ttiis type of memory. The cache cohe- 
rency problem arises because the cache contrdler is 
unable to snoop the memory access by a local master 
t>ecau8e ttie local master accesses the memory loc»- 
10 tion from a different port tttan would ttie processor, 
and the cache controller does not have access to this 
port for snooping purposes. An example of dual por- 
ted memory ttiat e)dsts in posonal computer system 
is the memory located on a local area network (LAN) 
IS card. The LAN card memory Is accessible by tx>tti the 
microprocessor and the cache contrc^lervia one port 
located on one skle of the LAN memory and by a local 
processor on the LAN card via a different port located 
on the other skie of the LAN memory. Cache cohe- 
20 rency problems arise because the cache controller Is 
unable to snoop k>cal processor accesses to the LAN 
memory. Other examples of non-cacheable memory 
are memory that is mapped for input/output (1/0) 
devices and also bank switched or expanded mem- 
25 ory. 

The cache contrdler Is generally charged with the 
duty of determining which main memory addresses 
are designated as cacheable and whk:h main memory 
addresses are designated as non-cacheable. Con- 
so ventionally, this has been done witti a fixed address 
decode using programmable array logic (PAL) 
devices. A variation is to place a random access mem- 
ory (RAM) on the address lines, witti the data in the 
RAM being the cacheable status of the address block. 
35 Another variation is to use a sertes of paire of limtt 
registere which define ttie boundaries of cacheable 
and non-cacheable addr^ regtons. Each pairof limit 
registere stores memory address v^ues that define 
ttie upper and lower boundaries of the address regbn. 
40 A comparator is generally assodated vfHih each 
stored memory address value to detenmine if the 
memory address generated by the connputer system 
is between ttie respective upper or lower boundary 
address values defining a memory address region. If 
45 ttie generated memory address resides between the 
upper and tower address boundaries defining the 
address region, ttien the generated memory address 
is deemed cacheatile or norhcacheat>le depending on 
ttie function of ttie respective limit regteters. 
50 This method of cacheable address determination 
generally indudes a iBrge amount of logic drcultry 
because two limit registere for storing of the upper and 
lower address boundaries and a comparator for each 
limit register are required for each cacheable or norv- 
65 cacheable address regton, and there are generally 
several such regions In the memory space of a com- 
puter system. The large amount of logic drcultry 
required for each respective cacheable address reg- 
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ion limits the numl)er of cacheat)le address regions 
that can t>e provided in the memory space of the com- 
puter system, thereby limiting the amount of cache- 
at)le ntain memory and consequently reducing the 
effectiveness of the cache menwry. 5 

Some i>ackground on the menrary organization of 
personal omputers compatible with those previously 
mamifa^ured and sold by Internationa] Business 
Madiines Corporatton (IBM) is deemed appropriate. 
IBM's first personal computer, the IBM PC, included io 
20 address lines and therefore could only address 
one Mbyte of memory spaca This one Mbyte nrtemory 
space was located between merrn^ address OOOOOH 
and memory address FFFFFH and was divided as fol- 
lows. The lower 640 kbytes were designate for user is 
memory, which was generally reserved for the operat- 
ing system, a user's programs and associated data. 
The next 128 kbytes of memory was set aside for use 
by the video section of the computer system to store 
the video data that is displayed on the video nw>nitDr 20 
and the video ROM routines that are required for the 
operatton of tfie video monitor. The video ROM 
routines comprise a set of prograrr^ that provide 
essential support for the operation of the video sec- 
tion, and these programs act as an interface between 25 
applicatton ^flware written for the computer system 
and the vkieo hardware, which operates to display 
desired images on the vkleo monitor. 

The next 192 kbytes of nrmmory after the video 
deplay m^rwry area were or^inalty refenned to as the 3o 
option ROM space. This memory area originally had 
no real ass^nment, but has been used for a variety 
of purposes that have arisen in the evohdng history of 
IBM-compatible computers. The last 64 Kbytes in the 
1 Mbyte irtemory space of the original IBM PC was 35 
used to hold the computer's buHt in system ROM pro- 
grams. The system ROM holds a key set of programs 
that provide essentia support for the operatfon of the 
COTiputer, Including the POST programs that make 
sura the con^uter is in good working order at power 40 
on and the routines referred to as the t>asic input-out-* 
put system or BIOS. The BIOS progranis provide 
detaDed and intimate control of the various parts of the 
computer, particularly the input/output (I/O) peripher- 
als, and in general act as an Internee between the 45 
computer's hardware and the software written for the 
computer. 

One of the uses that has been found for the 192 
kbyte optton ROM area discussed above has been as 
a growth area for the system ROM routines, which so 
originaDy occupied only the last 64 Kbytes of the one 
Mljyte address space. When new equipment or 
devices are added to the computer which require 
built-in software support the additfonal system ROM 
programs required for these new devices are gener- 65 
aliy located in the optton ROM area Another use for 
the option ROM area \ms been for extra video display 
ntemory or video RAM that is required by video dis- 



play adapter cards based on new video ^ndards. 
Additfonally, many new functions or options have 
been developed which need RAM and ROM space, 
and tiiis RAM and ROM is generally located in ttiis 
area. 

The IBM PCfarrtfly has been developed around 
a family of microprocessors manufiactured by Intel 
Corporation (Intel), referred to as the 8088 family of 
microprocessors. The original members of ttie IBM 
PC famfly were limSed to addressing only one Mtiyte 
of memory due to the fondamental design of the 8088 
microprocessor on which they were based, which 
included only 20 address lines. Intel later introduced 
the 80286 miooprocessor. which included 24 
address lines and could directiy address up to 16 
Mbytes of physk:al n^nory. The addition of the 80286 
microprocessor to a computer system allows for a 
logical address space of 16 Mbytes. However, the 
original design of the IBM PC and its DOS operating 
system werEk limited to the use <^ the original one 
Mbyte of memory, and they were generally un^e to 
use the additional address space provided bf the 
80286 microprocessor. 

In order to take advantage of the additional mem- 
ory space provided by the 80286 mkroprocessor, 
IBM-compatible computer systems have developed 
what is called extended memory, which is the mennory 
address space atxsve the original one Ml>yte address 
space located from menrtory address 1 0OOOOH on up. 
The amount of extended nnenrary available in a com- 
puter system generally depends on tiie amount of 
physical memory resident in the computer systmn 
greater than the original one Mbyteofmemmy discus- 
sed above. This additional merrnry can generally 
resUe anywhere in the processor's logteal address 
space between m^fnory address 1 0OOOOH artd merrv 
ory address FFF=FFFH, which is the 16 Mbyte limit 
associated witii ttie 80286 microprocessor. In order 
for an application program to take advantage of some 
of this special extended memory, the program used 
some of the services provided by tiie computer's sys- 
tem ROM programs. One of ttiese system ROM ser- 
vtees transferred blocks of data in whatever size 
needed betvi^n the special extended memory and 
the conventional one Mbyte mentory. 

Anotirer feature that Is generally included In IBM- 
compatible personal computere is a ROM relocation 
feature. The system ROM and video ROM memory 
which resMe In the one conventional Mbyte menwry 
address space discussed above are generaOy much 
stovrerttian ttie h'gh^eed RAM which comprfees the 
remainder of system meniory. Therefore, in order to 
improve system perfonmance during execution of the 
BIOS routines which reside in the system ROM and 
video ROM, nteny computer systents Indude a ROM 
relocatton feature whk:h allows the system ROM 
and/or video ROM to be refocated or copied to h^h- 
speed RAM. In computer systems using the 80286 
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microprocessor, the ROM is generally copied to the 
upper 128 kbyte. RAM memory area just Mow 16 
Mt>ytes, which is reserved fDr this purpose. When so 
copied, this 128 kbyte RAM location, referred to as 
shadow RAM, becomes dual mapped or acces^ble to 
two sets of logical addresses: its original RAM mem- 
ory addresses and the ROM memory addresses of the 
ROM memory that has been relocated to this location. 

The shadow RAM can be designated as write pro- 
tected to ensure that the data cannot acctdentalty 
change and effectively renrtains a ROM. The shadow 
RAM may also be designated as cacheable memory 
to further improve system performance during execu- 
tion of the system ROM routine. If the shadow RAM 
is designated as cadieable memory. It is also gener- 
ally designated as write-protected inside the cache 
controller to ensure that ROM memory data which is 
placed in the cache retains fts read-only status inside 
the cache. The cache controller therefore generally 
r^uires a means to d^ermine whether a memory 
address generated by the oomputo- system has been 
designated as write protected. This has generally 
been aocomplished In the same mann^ as has the 
determination of cacheable address regtons in the 
cache. The standard method was a i7 -d mapping, 
and as an alternative, two registers can assodated 
with a write protect memory address region to define 
the respecth^e upper and lower m^nory address 
boundaries of the wrfte protect regfon. 

The system ROM includes a series of test and 
initializattons programs referred to as the Power-On 
Self-Test (POST), which the computa- peribrms at 
power on to ensure that the computer is In good work- 
ing order. When the computer Is reset or turned on, 
the microprocessor is directed to a reset vector loca- 
tton in high menwiry at memory address FFFFFOH to 
retrieve the correct memory location at which to begin 
ttm POST. Memory address FFFFFOH is interpreted 
by the memory controller during a system reset or 
power on of the computer system to access the ROM 
tocatton where a power on reset vector is bcated. The 
power on reset vector points to the appropriate mem- 
ory location where the POST progran^ begin. It is 
generally desirable that the high memofy location 
where the power on reset vector is addressed be 
designated non-cacheable in order to prevent the 
reset vector from being placed in the cache. If the 
reset vector were located in the cache when a system 
reset was Initiated, the microprocessor would attenipt 
to retrieve the reset vector from the cache and there- 
fore could receive an incorrect vector, resulting in a 
"crash" of the computer system. 

The present invention includes an apparatus 
whidi allows a cache controller to determine cache- 
able address and write protect memc^ address reg- 
ions In a computer system using a sir^e 
programntable limit register and a ^ngle comparator 
for each address regbn. The computer system mem- 



ory space is partitioned into cacheable and wrfte pro- 
tect address regions with a programmable limit regis- 
ter storing a menoory address defining one t>oundary 
for each of the respecbVe memory regions. A single 

s address comparator assocfeited w^ each respective 
limit register determines whether a memory address 
generated by the computer system resides between 
the boundary provided by the limit register and 
another predefined memory address boundary that 

10 may e^er be a natural boundary such os the lowest 
and highest memory address available in the conv 
puter system, memory address OOOOOH and memory 
address FFFFFH, respectively, or a m&nory address 
boundary formed by an inhibit signal provided to the 

15 comparator circuitry. Each of the address com- 
parators assodated with the respective Iknit registers 
generates a signal which Is provided to signal gener- 
ation circuitry inside the cache controller which gen- 
erates a cacheable address s^nal. a non-cacheable 

20 address signal and a write protect signal that are pro- 
vided to the cache controller. The use of a single limit 
register and a single address comparator for each 
respective memory address region reduces the gate 
count in the logic drcuttry and decreases the input 

25 buffer loading in the logic circuitry. In addition, the pro- 
grammat>ility of the limit registers introduces flexibOHy 
in the designation of cacheable address and write pro- 
tect memory regk)ns in the cache contrdler. 

The preferred embodiment of the present inven- 

30 tion indudes five limit registers defining four cache- 
able address regions and two write protect memory 
regtons. The comparator drcuitry assodated with 
three of the limit registers according to the present 
inventkm use the lowest and highest menKvy address 

35 available In the computer system, memory address 
OOOOOH and memory address FFFFFH, respectively, 
as boundaries for a respecthre address region. These 
low or high address are used in conjunction with ttte 
t>oundary provided by the respective Rmit register to 

40 define the memory regton. The assodated com- 
parator drcuitry for these limit registers determines 
whether the address generated by the computer sys- 
tem is below or above, respecfivety, the memory 
address stored in the respective ilmft register. The 

45 comparator drcuitry assodated with the remaining 
two limit registers use an inhibit signal that is asserted 
when the memory address generated by the com- 
puter system Is above or below one Mbyte, respect- 
ively, and therefore one Mbyte sen^ as the 

50 predefined boundary in the comparator drcuitry 
associated with these two limit registers. The com- 
parator circuitry assodated with these two limit regis- 
ters determines if the address generated tsy the 
computer system is below or above, respectively, the 

55 memory address stored in the respective limit regis- 
ter, and the inhibit signal serves as the other respec- 
tive boundary by inhibiting comparator operatton if 
active. 
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The present invention includes a control signal 
which enables the comparator output signals in ttte 
sfgnal generation circuitry to define cacheabfe 
address and write protect regions in the memory 
space according to the present invention. When this s 
control signal is cleared, the comparator output sig- 
nals provided to the signal generation circuitry are 
ignored, and the entire n^mory address space is con- 
sida^d cacheaUe, and, In addition, there are no write 
protected nternory regions defined in the cache con- io 
troller. An Input to the ^gnal generation circuitry in the 
cache controller is provided to allow external logic to 
define non-cacheatHe and write protect address reg- 
ions in the memory space. When the control signal is 
set, the entire mentory address map is consid^ed is 
non-cacheabte, and the comparator output signals 
are enabled m the signal generation corcuitry to define 
cacheable address and urite protect mentoiy regions 
in the m^nory space according to the mentory 
address boundaries stored in the associated limit 20 
roisters. 

When the control signal is set. the cacheable 
address and write protect memory spaces defined by 
the pn^rammable limit regi^BTs are deemed to be 
continuous from the predefined memory address 25 
boundary to the other boundary provided tyy the 
address value stored in the limit register, and theref- 
ore excluded regions within the address limits are fiot 
p^mitted. However, the above-mentioned input func- 
tions to aHow external logic to override any internally 30 
prc^rammed limit register and punch non-cadieable 
or write protect regions into the memory address 
space where require. The input is used according to 
the prefierr^ embodbnent of the present invention to 
make non-cacheable the region located In h^h menv 35 
ory where the power on reset vector is addressed dur- 
ing a system reset qr at power on of the computer 
system. This memory region is made non^cheable 
to prevent any corruption of the reset vector that 
would occur if the res^ vector were located in the 40 
cache during a system reset 

A better understanding of the Invention can be 
obtained when the following detailed description of 
the preferred embodiment Is considered in conjunc- 
tion with the following drawings, in which: 45 
Figure 1 is a block diagram of a computer system 
including limit registers and associated logic cir- 
cuitry according to the present Inventton; 
Figure 2 is a diagram of the mmory address 
space of the computer system of Rgure 1; so 
Rgures 3 - 7 are schematic logic diagrams of the 
programmable limit regteters and assodated 
comparator circuftry according to the present 
inventton; and 

Rgures 8 and 9 are schemata logic diagrams of ss 
signal generation drcuitry according to the pre- 
sent Invention 

Referring now to Figure 1, a personal computer 



system C incorporating the present invention is gen- 
erally shown. Many of the detafls of a computer sys- 
tem that are not relevant to ttie present invention have 
been omitted for the purpose of darity. In the de^p- 
tion thatfdiows, a signal name followed by an asteri^ 
indicates that the signal is asserted when it has a low 
logic levd. The computer system C indudes a system 
bus 20 that is pref&ably based on the Industry Stan- 
dard Architecture (ISA), a bus architecbire introduced 
in the international Business Machines (IBM) PC/AT 
personal compute. A controfler chip 22 comprising a 
bus controller and a memory contrdler connected 
to the system t>us 20. Randcnn access memory 23, 
whteh Is preferably 16-bit high speed RAM, is connec- 
ted to the contrdler chip 22. The controller chip 22 is 
connected to a microprocessor 24 through a local pro- 
cessor bus 26, whteh indudes addr^, data, and 
contrd portbns. The microprocessor 24 is preferably 
an Intel 80386SX microprocessor, which indudes 24 
address lines and is capable of d^ectty accessing 16 
Mbytes of memory. However, the use of other proces- 
sors w^ diffierent capabilities for accessing m^nory 
is also contmplated. The processor address portion 
of the k)cal bus 26 preferably indudes 24 address 
lines referred to as PADR<23..0>, and the processor 
data portion of tiie local bus 26 preferably indudes 1 6 
data lines referred to as PDB<15..0>. A cache menv 
ory chip 28, which preferably indudes cache memory 
30 and a cache contrdler 32 according to the present 
invention, is coupled to the processor bus 26. The 
cache contrdler 32 indudes programmable limit regi- 
sters and their assodated compar a tor logic clrcurtry 
as wdl as signal generation cfrcuifery which generates 
a cacheable address signsd, a non-cacheabie 
address signal, and a write protect signal which are 
provMed to the cadie controller according to the pre- 
sent invention. The signal generation drcuitry in the 
cache controIler32 according to the present Invention 
indudes an input referred to as NRP, which receives 
a signal generated by external logic 34 according to 
the present invention. A numeric coprocessor 25 may 
optionally be connected to the local bus 26. 

Any computer system menrrary not physteally 
located in the random access memory 23 Is preferably 
located on the system bus 20. A vkieo display adapter 
40, whteh indudes video RAM and video ROM menr>- 
ory addressable by the processor 24. is coupled to the 
system bus 20. System ROM 42, which pr^ierably 
indudes the system ROM routines. Is also coupled to 
tiie system bus 20. A fk}ppy disk unit 44 and a 
k^board 46 may also be attached to the system bus 
20. The contents of the vkJeo ROM and system ROM 
42 are preferably copied into the upper 1 28 kbyte logi- 
cal address block of tiie RAM 23 jtist below 16 Mbytes 
tmnDediately after power on of tiie comput^system 0, 
as is described further t>dow. 

Referring now to Rg. 2, a merroiy map showing 
tiie memory organization of the computer system 0 is 
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generally shown. The menrKvy organization of the 
computer system C is preferably oompatit)le with the 
memory organization of personal conr^ters previ- 
ously manufactured and sold by IBM. However, the 
incorporation of the present Invention into computer 5 
systems wiAi other nnemory organizations is also con- 
templated. The 640 ktyyte memory space from mem- 
ory address OOOOOOH to memory address OdFFFFH 
is reserved for the operating system and user mem- 
ory. The next 128 Ictyte block of memory firam ntem- io 
ory address QAOOOOH to memory address OBFFFFH 
is reserved for the video RAM. The next 128 kbyte 
bk)ck of memory from memory address OCOOOOH to 
memory address ODFFFFH is reserved for the option 
ROM and RAM associated with the various I/O 15 
peripherals included In the computer system C. The 
next 128 kbyte menrtory region from memory address 
OEOOOOH to memory address OFFFFFH is reserved 
for the system ROM 42 and the video ROM of the 
computer system C. The system ROM 42 and the 20 
vkJeo ROM each prefimbly comprise 64 kbytes of this 
128 kt>yte meriKvy space according to the preferred 
embodiment 

The computer system C preferably includes two 
Mbytes of random access memory. 640 kbytes are 
located in the user menrK)ry area t>etween memory 
address OOOOOOH and memory address OAOOOOH, as 
noted above. 384 kbytes are preferably mapped to the 
logk:at address space in high memory between mem- 
ory address FAOOOOH and memory address 
FFFFFFH. The upper 128 kbyte space between menrv 
ory address FEOOOOH and menK)ry address 
FFFFFFH ts preferafctty used to relocate the 64 kbyte 
system ROM 42 and the 64 kbyte vMeo ROM from the 
stower 16 bit ROM memory into the higher speed 16 
bft RAM. However, the use of a different RAM memory 
region to relocate the system ROM 42 and/or video 
ROM is also contemplated. The remaining 256 kbytes 
of the high mapped 384 kbytes are preferably mapped 
to the k>gica] address space between memory 
address FAOOOOH and memory address FEOOOOH 
according to the preferred embodiment and this 
memory Is designated as built-in user memory. The 
memory address space beginning with memory 
address 100000H is referred to as the extended mem- 
ory address space, and the amount of extended menv 
ory pfesevX in the computer system C depends on the 
amount of physical memory installed in the computer 
system 0 greater than the one Mbyte of menmry dis- 
cussed above. In one emt>od1ment of the present 
invention, the remaining one Mbyte is preferably map- 
ped to the menrtory address space between memory 
address 100000H and menDOiy address 1FFFFFH 
according to the preferred embodiment as extended 
memory. 

The present invention includes five programm- 
able limit registers that are each used to store a merri- 
ory address value whtoh serves as a boundary that 



in conjunction with a respective predefined ntentory 
address value, defines a cacheable address or write 
protect memory addr^ region In the memory 
address space. A base ntemory address register 
referred to as the BMA register defines the amount of 
user memory designated as cacheable available in 
the computer system 0 in the conventional one Mbyte 
address space. The BMA register works In conjuno- 
tk>n with predefined m^c^ address OOOOOOH, which 
serves as the lower boundary defining the cacheable 
address regton. In the preferred embodiment the 
BMA register is programme with memory addr^ 
value QAOOOOH. signifying that the entire user mem- 
ory address space from address OOOOOOH to 
09FFFFH is defined as being cacheable. Oomparator 
circuitry associated with the BMA register compares 
true or a logte low value for addresses generated t^y 
the computer system C that are less than the memory 
address stored in the BMA limit register and in the first 
one Mbyte of the address space. 

A ROM memory address register referred to as 
the RMA register Is used to define the amount of 
cacheable memory in the memory address regton 
where the system ROM 42 and video ROM resUe, 
and also to write protect this memory region. The 
RMA roister works in conJunctk>n with predefined 
memory address 100000H or one Mbyte, whIcA ser- 
ves as the upper boundary defining the cacheable 
address region. The RA4A register is progranrwDed 
with memory address OEOOOOH according to the pre- 
ferred embodiment which signifies that the 128 kbyte 
memory address space between memory address 
OEOOOOH and memory address OFFFFFH. whteh is 
the entire system and video ROM memory area, is 
designated as a cacheable address and write protect 
reg ton. Comparator drcuitry associated with the RMA 
register compares true or a logte high value for 
addresses generated by the computer sy^m 0 that 
are less than memory address 100000H and greater 
than or equal to the menK)ry address value stored In 
the RMA limit register. 

An extended memory address register referred to 
as the EMA register Is used to define the amount of 
contiguous cacheable extended memory In the exterv 
ded memory address space greater than or equal to 
memory address 100000H. The EMA register vrori® 
in conjunction with predefined memt^ address 
1 0OOOOH, which serves as the lower boundary defirv 
ing the cacheable address region, to define a cache- 
able memory address regton greater.than or equal to 
the predefined boundary address 100000H and less 
than the programmed memory address value stared 
in the register. The EMA register Is programmed with 
memory address 200000H according to the preferred 
embodonent, vifhteh ^gnlfies ttet one Mbyte of exten- 
ded mentory between memory address 100000H and 
menrxsry address 1FFFFFH is designated as cache- 
able memory. Comparator circuitry associated with 
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the EMA register compares true for addresses gener- 
ated by the computer system C that are greater than 
or equal to menx)iy address 100000H and less than 
the memory address value stored In the EMA limit 
regster. s 

A ROMCOPY address register referred to as the 
RCA register is used to define a cacheal>l6 nrtemory 
address region t>etween predefined memory address 
FFFFFFH and the programmed menrxMy address 
value stored in the RCA register. The RCA register io 
enables the copy of system ROM 42 and video ROM 
ttrat is relocated to the upper 128 kbyte block in high 
speed RAM 23 to be designated as cacheable. In 
addltton, a write protect address register referred to as 
the WPAregisteraliows this ROMCOPY addr^ reg- is 
ton to be designated as write protected or effectively 
read only memory in the cache controller. The WPA 
register is used to define a write protect memory 
address region t>etween predefined memory address 
FFFFFFH, the highest address avanat>le to the micro- 20 
processOTof the preferred embodiment which serves 
as the upper boundary defining the cacheakde 
address regton, and the programmed ntennory 
address value stored in the WPA register. The WPA 
register is programmed with memory address 25 
FEOOOOH in the prefenred embodiment, which sig- 
nifies that the upper 128 kbyte memory t)lock between 
memory address FEOOOOH and memory address 
FFFFFFH is designated as vtrfts protected inside the 
cache 30. The RCA regteter progranuned with 30 
memory address FAOOOOH in the preferred embodi- 
ment, which signifies that the upper 384 kbyte nnem- 
ory block between memory address FAOOOOH and 
memory address FFFFFI=H is designated as cache- 
able inside the cache 30. However, different values as 
may t>e used in the two registers. Comparator circuitry 
associated with each of the RCA and WPA registers 
compares true for addresses generated by ttte com- 
puter system C that are greater than or equal to the 
memory address value stored in the respecthre l&nit 40 
register. 

Referring now to F^ures 3 through 7, each of the 
respective limit registers and their associated com- 
parator circuitry is generally shown. Each of the limit 
registers is programmed with a certain value com- 45 
prised of a number of upper address bits representing 
a desired memory address value that serves as the 
memory address boundary in the respective limit regi- 
ster. The least significant address bit that can be pro- 
grammed into each of the limit registers is so 
PADR<13>, and because of this the address granul- 
arity of ea^ of the limit registers is set at 8 kbyte incre- 
ments. However, the use of largerregisters to provide 
a smaller address granularity is also contemplated. 

Referring nowto Fig. 3, the B MA register 102 and 55 
associated comparator logic circuitry are generally 
shown. The BMA register 102 is an 8 bit roister 
whose D6 through DO inputs are connected to the 



data bus lines PDB<8..0>, respectively. The D7 input 
of the BMA register 102 is connected to a logic low 
value. A gating signal referred to as BMAGATEL Is 
connected to the gate input of the BMA register 102. 
The BMAGATEL signal is asserted hfgh when a user 
is writing to or programnting the BMA register 10Z 
Since this type of port addressing drcuitry is well 
known to those sidlled in the art, the details of its 
implementation have been omitted in this descriptk>n 
for the purpose of clarity. When the BMAGATEL sig- 
nal is asserted high, the BMA register 1 02 latches the 
data bus sigr^s PDB<6..0> on its D6 through 00 
inputs, respectiveiy. 

The BMA roister 102 is prc^rammed with a 7 bit 
value representing address bits 19 through 13 of the 
respective mem<»y address boundary desired in the 
limit register. The signals output from the Q7 through 
QO outputs of the BMA register 1 02 are refenBd to as 
the BMA<7..0> signals, and the BMA<6..0> signals 
are connected to inputs BMAI<6..0> of a block corrv- 
parator circuit refOTed to as CMPLT1M 104. Tlie 
address lines PADR<1 9..1 3> are connected to inputs 
BI\AAADR<6..0> of the CMPLT1 M block circuit 104. A 
s^nal referred to as ABOVE1MB, which is asserted 
high when the memory address generated by the 
conq>uter system C is greater than or equal to menKtry 
address 100000H (one Mbyte), is connected to the 
input of an inverter 1 08, whose output is connected to 
an II^HIBir input of the CMPLT1M block circuit 104. 

The CMPLT1M block drcu'it 104 compares the 
PADR<19..13> signals with the corresponding menrv 
ory address valu^ stored in the BMA regteter and 
detemiines if the menxMy address value generated by 
the computer system C is less than the BMA register 
value. The output of the CMPLT1M t^ock drcuft 104 
is a signal referred to as CCHEBMA*, which is asser- 
ted low when ttie respective nr^enmy address value 
generated by the computer system C, represented by 
the PADR<19..13> signals, Is less than the memory 
address value stored in the BMA register, signtfying 
that the generated menrwry address is a cacheable 
address. 

The ABOVE1 MB signal is asserted high when the 
address generated on the address lines 
PADR<23..20> represent an address greater than or 
equal to one Mbyte. When the ABOVE1MB signal is 
asserted, the INHIBIT* signal is asserted inside the 
CI\4PLT1M block cbcuit 104. preventing the 
CCHEBMA* signal from being asserted low. Theref- 
ore, if the memory address generated by the 
puter system C is greater than or equal to one Mbyte, 
the AB0VE1MB signal acts to prevent the memory 
address from being designated as cacheable, r^ard- 
less of the value stored in the BMA register and the 
states of the PADR<19..13> signals. Thus the 
AB0VE1MB signal performs the remaining decode 
fiinctfon on the PADR^..20> signals not provided to 
the CMPLTIM block drcuit 104 to save drcuitry. 
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Ref^ng now to F(g. 4, the EMA register 120 and 
its associated comparator logic drcuitry are generaOy 
shown. The EMA register 120 Is a 12 bit register 
whose D10 through DO inputs are connected to the 
PDB<10..0> signals, respectively. The D11 input of 5 
the EMA register 120 is connected to a logic low 
value. A gating signal referred to as EMAGATEL is 
connected to the lower gating Input of the EMA regi- 
ster 120. A gating signal referred to EMAGATEM is 
connected to the upper gating input of the EMA regi- io 
ster 120. When the EMAGATEL signal is asserted 
high, the EMA register 120 latches the PDB<7»0> sig- 
nals present on its D7 through DO inputs, respectively. 
When the EMAGATEM signal is asserted h^h, the 
EMA register 120 latches the PDB<11..8> signals is 
present on Its D11 through D8 inputs, respectively. 
The EMAGATEM and EMAGATEL signals are asser- 
ted high when a user Is writing to or programming the 
respective bits of the EMA regist^- 120. 

The EMA register 120 is programmed with an 11 20 
bit value representing address bits 23 through 13 of 
the respective memory address boundary desired in 
the limit register. The signals output from the Q11 
through QO outputs of the EMA register 120 are refer- 
red to as the EMA<11..0> signals, and the 25 
EMA<10..0> ^'gnals are connected to inputs 
EMAI<1 0..0> of a block oonrparatar ctrcurt refenred to as 
CMPLT16M 122. The address lines PADR<23..13> 
are connected to Inputs EMAADR<10..0> of the 
CMPLT1 6M block circuit 122. The PADR<23> signal, so 
the PADR<22> signal, the PADR<21> signal, and the 
PADR<20> ^gnal are connected to the inputs of a 
fuir input OR gate 126 whose output Is the 
AB0VE1MB signal. The ABOVE1MB signal is con- 
nected to an enable input of the CMPLT1 6M block cir- 35 
cult 122 referred to as the BASEMEM input When the 
ABOVE 1 MB signal is asserted high, then the menmry 
address generated by the computer system C Is gre- 
ater than or equal to memory address 100000H, and 
the CMPLT16M block circuit 122 is enabled. Theref- 40 
ore, the AB0VE1MB signal acts as the predefined 
memory address boundary of one Mbyte, preventing 
the CMPLT16M Mock comparator 122 from compar- 
ing true when the generated menK)ry address is less 
than one Mbyte. 45 

TheCMPLT16M block comparator 122 compares 
the PADR<23..13> signals with the oonnBsponding 
memory address values stored in the EMA register 
120 and determines if the menK>fy address value gen- 
erated by the computer system C is less than the EMA so 
register value. The CMPLT16M comparator circuit 
122 has an Inherent or defoult maximum value of 16 
Mbytes, and the value stored in the EMA register can 
range as high as memory address FFFFFFH. The out- 
put of the CMPLT16M comparator circuit 122 is a sig- 55 
nal referred to as CCHEEMA*. which signifies, when 
asserted low, that the m^nory address generated by 
the computer system C resides in the cacheable reg- 



k>n defined by the predefined nrtemory address value 
of one Mbyte and ttte EMA register 120. 

Refening now to Rg. 5, the RMA register 140 and 
its associated comparator circuitry are gently 
shown. The RMA register 140 Is an 8 bit register 
whose D7 through DO inputs are connected to the 
PDB<7..0> signals, respectively. A gating signal 
referred to as RMAGATEL is connected to the gating 
input ctf the RMA register 140. The RMAGATEL^gnal 
is asserted high when a user is writing to or progiam- 
ming the RMA register. When the RMAGATEL sign^ 
is asserted h'^h, the RMA register 140 latches the 
PDB<7..0> signals on its D7 through DO Inputs, re- 
spectively. 

The RMA register 140 is programmed with an 8 
bit value, and the first seven bits D6 through DO rep- 
resent address bits 19 through 13 of the respective 
memory address boundary desired in the limtt rois- 
ter. The D7 b^ In the RMA register 140 is used as a 
control bit and it is set to a logk: high value to disable 
the block comparator circuit referred to as CMPGE1 M 
142 ^rom comparing true. The Q7 through QO outputs 
of the RMA register 140 are referred to as the 
RMA<7..0> signals, respectively. The RMA<8..0> 
signals are connected to Inputs RMAI<6..0> of the 
CMPGE1M comparator block drcuit 142. The 
PADR<19..13> signals are connected to inputs 
RMAADR<6..0> of the CMPGE1 M block compsffator 
14Z The RMA<r> signal and the ABOVE1MB signal 
are connected to the inputs of a two Input NOR gate 
146 whose output Is connected to an INHIBIT* input 
of the CMPGE1M comparator circuit 142. Therefore, 
when the D7 bit of the RMA register 1 40 is set <»' the 
memory address value generated by the computer 
system C Is greater than or equal to memory address 
100000H, then the INHIBIT* ^gnal InsUe the 
CMPGE1M block comparator 142 Is asserted low, 
which thereby r»events the CMPGE1M comparator 
circuit 142 from comparing true. 

The output of the CMPGE1M comparator circuit 
142 is a s^nal referred to as CCHERMA*. The 
CMPGE1M oomparAtor drcuit 142 compares the 
PADR<19..13> signals with the corresponding mem- 
ory address values stored in the RMA register 140 
and asserts the CCHERMA* signal low if the memory 
address value generated by the computer system C 
is less than mentory address 100000H and greater 
than or equal to the RMA register value. The assertton 
of the CCHERMA* signal signifies that the generated 
memory address is a cacheable address and a write 
protect address. 

Referring now to Rg. 6, the RCA register 160 and 
associated comparator k>gic circuitry are generally 
shown. The RCA register 160 b a 12 bit register 
whose D11 through DO inpute are connected to the 
PDB<11..0> ^gnals, respectively. A gating signal 
referred to as RCAGATEL is connected to the lower 
gating Input of the RCA register 160. A gating signal 
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referred to as RCAGATEM is connected to the upper 
gating input of the RCA register at 180. The 
RCAGATEL signal controls the low^ eight inputs D7 
through DO of the RCA register 160. When the 
RCAGATEL signal is asserted high, the RCA register 
160 latches the PDB<7..0> signals present on its D7 
through DO inputs, respectivety. The RCAGATEM sig- 
nal controls the upper four inputs D11 through D8 of 
the RCA register 160. When the RCAGATEM signal 
is asserted high, the RCA register 160 latches the 
PDB<11»8> signals present on the D11 through D8 
inputs of the RCA register 160. The RCAGATEL and 
RCAGATEM s^nals are asserted high when a user is 
writing to or programming the appropriate bits in the 
RCA register 1^. 

Th e RCA register 1 60 is programmed with a 1 2 bit 
value, and the first eleven bOs D1 1 through DO repre- 
sent address bits 23 through 13 of the respective 
memory address boundary desired in the limit regis- 
ter. The D11 bit in the RCA register 160 is used as a 
control bit and it b set to a logic high value to disat)le 
the block comparator referred to as the 0MPGE16M 
block comparator 162 from comparing true. The Q1 1 
throu^ QO outputs of the RCA rec^ster 160 are refieired 
to as the RCA<11..0> stgnsda The RCA<10..0> ^pials 
are connected to inpids RCAK1 0..0> ctf the CMPGE1 6M 
block comp arator 162. The PADR<23..13> s^nals are 
connects to inputs RCAADR<10^0> of the 
CMPGE16M block comparator 162. The RCA<11> 
s^nat of the RCA regist^ 160 is connected to the 
input of an inverter 168 whose output is connected to 
an INHterr Input of the CMPGE16M comparator 162. 
The output of the CMPGE16M comparator 162 Is a 
signal refiarred to ss CCHERCA*. 

The CMPGE16M block comparator 162 conv- 
pares the PADR<23..13> s^nals with the corre- 
sponding memory address values ^ored in the RCA 
register 160 and determines if the memory address 
value generated by the computer system C is greater 
than or equal to the programmed value ^ored in the 
RCA register 160. The CCHERCA* signal is asserted 
low when the menrwry address generated by the conv- 
puter system C is greater than or equal to the RCA 
register value, signifying that the generated memory 
address is a cacheable address. 

Referring now to Fig. 7, the WPA register 1 80 and 
its associated comparator circuitry are generally 
shown. The WPA register 180 is a 12 bit register 
whose D11 through DO inpute are connected to the 
PDB<11..0> signals, respectively. A gating signal 
referred to as WPAGATEL is connected to the lower 
gating Input of the WPA register 180. A gatind signal 
referred to as WPAGATEM is connected to the upper 
gating Input of the WPA register 180. The 
WPAGATEL signal controls the low^ etght inpute D7 
through DO of the WPA regi^ 180. When the 
WPAGATEL signal is asserted high, the WPA register 
180 latches the PDB<7..0> signals present on ite D7 



through DO inpute, respectively. The WPAGATEM 
signal controls the upper four inpute D11 through D8 
of the WPA regteter 180. When the WPAGATEM sig- 
nal is asserted high, the WPAtegister 180 latches the 
5 PDB<11„8> signals present on ite D11 through D8 
Inputs, respectively. The WPAGATEL and WPAGATEM 
s^nals are asserted h'^h when a user Is writing to or 
programming the appropriate bite in the WPA register 
180. 

The WPA register 180 is programmed with a 12 
bit value, and the frst eleven bite connected to inpute 
D10 through DO represent address bite 23 through 13 
of the respective memory address txxindary desired 
in the register 180. The D11 bit on the WPA register 
1 80 is used as a control bit and it is set to a logic high 
value to disable the block comparator 1 82 Iran coirv 
parfrig true. The Q1 1 through QO outpute of WPA regi- 
ster 180 ^ referred to as the WPA<11..0> signals. 
The WPA<10..0> signals are connected to inpute 
WPAI<1 0»0> of the block comparator circuit refenned 
to as CMPGE16M 182. The PADR<23..13> signals 
are connected to inpute WPAADR<10..0> of the 
CMPGE16M block comparator 162. The WPA<11> 
signal is connected to the input of an inverter 186 
whose output is connected to the INHIBIT Input of the 
CMPGE16M block comparator 182. The output of the 
CMPGE16M block comparator 182 is a signal refer- 
red to as CCHEWPA*. 

The CMPGE16M block ccmiparator 182 is logi- 
cally klentic^ to the CMPGE16M block comparator 
162 of Rgure 6. The CMPGE16M block comparator 
182 compares the PADR<23..13> signals with the 
corresponding memory address values programmed 
in the WPA register 1 80 and detKmines If the memory 
address value generated by the computer sy^em C 
is greater than or equal to the value stored in the WPA 
register 180. The CCHEWPA* signal is asserted low 
when the memory address generated by the conv 
puter system C is greater than or equal to the WPA 
register value, signifying that the generated memory 
address is a write protected address. 

The computer system C preferably includes an 
l/O-mapped relocation register (not shown) residing 
at I/O locatton 0878H which is used to store infor- 
mation regarding relocation of the ROM to high-speed 
RAM. The relocatbn register may also be a nrt^nory 
mapped register residing at memc»y location 
80C00000H according to another embodiment The 
relocatbn register comprises two bite referred to as bit 
0 and bit 1 . Bit 0 te set to a logic high value when the 
ROM relocation Is not perfcmned and is cleared to a 
logic low value when the ROM reiocatkui is performed 
to h^h^peed RAM. Bit 1 is set to a logic high value 
when the 128 kbyte RAM memory block beginning at 
memory address FEOOOOH Is not write protected and 
is cleared to a logic low value when the 128 kbyte 
RAM memory block beginning at m^TK»y address 
FEOOOOH is designated as write protected. For more 
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Information on the ROM relocation register, please 
refer to the Compaq Oeskpro 386S Technical Refer- 
ence Guide published by Compaq Computer Corpor- 
ation, which is hereby incorporated by reference. 

The cache controlier 32 according to the present 
invention Includes a user programmable control word 
register (not shown) refeoed to as ttie CW register. 
The CW register includes an internal register enable 
bit referred to as the IRE bit The IRE bit enables the 
comparator output s^nals to define cacheable 
address and write protect regions In the memcvy 
space according to the present invention. When the 
IRE bit is cleared, the comparator output signals are 
ignored, and the entire memory address space is con- 
sidered cacheable and read/write memory. The NRF* 
input Is then used in conjunction with the external 
logic 34 to determine non-cacheable and vnrtB protect 
regions in the nr>enK>ry space. When the IRE bit Is set. 
the entDTe memory address space is considered non- 
cacheatsle and the comparator output signals are 
enabled to define cacheable and write protect mem- 
ory address regions in the non-cacheable memory 
address space. In this instance, the NRP input allows 
the external logic 34 to ovenide a respective limit regi- 
ster and punch non^cheable or write protect mem- 
ory address regions in the memory space where 
desired. According to the preferred embodinrfent, the 
IRE bit is kept set and ttie external logic 34 Is com- 
prised of an address decode of memory address 
FFFF80H and above and generates a decoded 
address signal that is f^rovkled to the NRF* Input to 
designate as non-cacheable the memory address 
locattons FFFF80H and above in high memory where 
the power on reset vector is addressed. However, the 
use of the NRF* input to designate othermemory kxa- 
ticms as non-cadieable and/or write protected Is also 
contemplated. 

Referring now to Rg. 8, the s^nal generation 
logic according to the present invention includes a 
shadow register which holds a shadow copy of bit 0 
and bit 1 of the memoryfnapped relocation register. 
The shadow register enables the signal generation 
logte to know when the ROM relocation to high mem- 
ory has been perfbnmed and also to know whetiier the 
128 kbyte block beginning at memory address 
FEOOOOH where the ROM relocation occurs is write 
protected. 

The shadow register is comprised of two D-type 
latches 200 and 202, respectively. The PDB<1>^ sig- 
nal is connected to the inverted D input of the latch 
200. The PDB<0>* signal is connected to tiie Input of 
ttie latch 202. A gating signal refemed to as DIA6CLK 
is connected to tiie gating inputs of each of ttie latches 
200 and 202. The DIAGCLK signal is asserted or a 
logic high value when a user is wr^ng to ttie shadow 
register, allowing ttie latches 200 and 202 to latch tiie 
respective date bus values present on their D Inpute. 
The system reset signal RESET* is connected to the 



Inverted clear inpute of each of the latches 200 and 
202 so that they are reset v^en a system reset 
occurs. The inverted Q output of the latch 200 Is con- 
nected to one Input of a^ttiree input NOR gate 204. 

5 The Q output of the iateh 200 is a write protect signal 
referred to as WPROTECT*, which preferably mirrors 
or shadows bit 1 In the memory-mapped ROM relo- 
catton register (not shown). The WPROTECT* signal 
Is connected to one input of a two input AND gate 208. 

10 The Q output of the latch 202 is a signal refenred to 
as ROMCOPY, whtoh is asserted high when the 
ROMCOPY function is on and bit 0 in ttie ROM relo- 
catton register is a Ic^k: low value. The ROMCOPY 
signal is connected to ttie other input of the AND gate 

15 206. The output of the AND gate 206 is a signal refer- 
red to as RCONWPOFF which signifies when asser- 
ted high that the ROM relocation has been performed 
and that the Write Protect function is off. 

The Inverted Q output of ttie latch 202 is oonneo- 

20 ted to an input of the NOR gate 204, The PADR<23>* 
slgi^ is connected to an input of ttie NOR gate 104. 
whose output is connected to an input of a throe input 
NAND gate 210. The PADR<22>* signal, the 
PADR<21>* signal, and the PADR<20>* ^gnal are 

25 each connected to an input of n three input NOR gate 
207 whose output is connected to one input of the 
NAND gate 110. The PADR<19>* ^gnal, ttie 
PADR<18>* s^nal and ttie PADR<17>* signal are 
each connected to an input of a three input NOR gate 

30 208, whose output is connected to an input of the 
NAND gate 210. The output of ttie NAND gate 210 is 
a non-cacheable address signal refemed to as 
NCA16MB*, which is asserted low when the memory 
address generated by the computer system C Is gre- 

35 ater ttian memory address FEOOOOH, the ROMCOPY 
function is on and the Write Protecdfunction is <af. The 
NCA18MB* ^gnal is generated to decode a special 
condition where cache coherency probl&ns could 
occur In ttie 128 kbyte ROM relocation menK)ry block 

40 In high memory, as is described further below. 

Referring now to Fig. 9, signal generation logto 
according to the present invention Is further shown. 
The CCHEBMA* signal, ttie CCHEEMA* ^nal, ttie 
CCHERMA* signal, and ttie CCHERCA* signal are 

45 connected to the inpute of a four Input AND gate 320. 
The output of ttie AND gate 320 and a s^nal gener- 
ated from ttie IRE bit in the CW register (not shown) 
referred to as the IREGEN signal are connected to the 
inpute of a two input NAND gate 322. The output of the 

60 t^JAND gate 322 Is connected to an Input of a three 
input AND gate 324 and is also connected to an input 
of a three input AND gate 328. A signal referred to as 
CCHERDI*. which when asserted low signifies ttiat 
ttie current bus cyde is a memory read, is connected 

55 to ttie input of an Inverter 328, whose output is con- 
nected to an Input of ttie AND gate 324 and Is also 
connected to an input of ttie AND gate 32a The signal 
generated from the external logic 34 represents 
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decoded memory address FFFF80H or above, and 
this signal is provided to the NRP Input and is referred 
to as the NRF* s^nal. The NCA1 6MB* signal and the 
NRF* signal are connected to the Inputs of a two input 
AND gate 330, whose output Is connected to an input 6 
of the AND gate 324 and is also connected to an input 
of the AND gate 328. 

The output of the AND gate 324 and a cache 
memory enable signal referred to as CCHEN are con- 
nected to the inputs of a two input NAND gate 332, io 
whose output is a cacheable address signal referred 
to as CA*. The CA* signal is asserted low to the cache 
controller 32 when a cacheable memory address is 
generated by the processor 24. Therefore, if the 
cadie 30 enabled, the comparator output signals is 
are ignored based on the IREGEN signal being high 
or the comparator outputs are enak)led and one of the 
comparator output signals is asserted, the current bus 
cyde is a processor memory read, and the 
NCA18MB* and NRP signals are both negated high, 20 
then the logic circuitry determines that a cacheable 
memory address has been generated and the CA* 
signal is asserted low. 

The output of the AND gate 328 is a non-cache- 
able address signal referred to as NCA*. The NCA* 25 
s'^nal ts asserted low when the generated memory 
address is deemed a non-ca^eable address. There- 
fore, if the comparator outputs are enabled and all of 
the compsffator output signals are negated, or the cur- 
rent bus cyde is not a processor memory read, or 30 
eOher of the NCA16MB* or NRF* signals are asserted 
low, then the logic dncuitry determines that a non- 
cacheable address has been generated by the pro- 
cessor 24, and the NCA* signal is asserted low. 

The NRF* signal allows external logic to override 35 
a respective comparator output s^nal and designate 
a certain memory address non-cacheable. The NRP 
Input is i^ed In conjunction with the external logic 34 
according to the preferred embodoment to make the 
power on reset vector memory location in high nnem- 40 
oiy non-cacheable. When the IRE bit Is cleared, sig- 
nified by the IREGEN s^nal being negated low, the 
NRP input is the only meam to designate a memory 
address non-cacheable or write protected. 

The NCA1 6MB* signal is asserted low to force the 45 
1 28 kbyte ROM relocation block beginning at address 
FEOOOOH to become non-cacheable when the mem- 
ory address generated resides in this memory block 
and both the ROMCOPYfiinction has been perfonmed 
and the Write Protect function Is off. This is because, so 
when the ROM relocatfon function has been perfor- 
med, the 128 kbyte ROM relocation block is double 
mapped to two different 128 kbyte fogical address 
spaces, one beginning at memory address FEOOOOH 
and one beginning at memory address OEOOOOH. In ss 
this instance, the RMA register 140 and the RCA reg^ 
ster 1 60 each define cacheable address regions for a 
respecthre logical memory address space that each 



map to the same physical memory locatton, the 128 
kbyte ROM retocation RAM memory block in high 
memory. TTie RMA register 140 defines the memory 
apace beginning at memory address OEOOOOH to be 
a cacheable address region. When the Write Protect 
functfon is off, this memory address r^lon is not write 
protected, and therefore write updates are permitted 
when a user accesses the 128 kbyte ROM refocation 
RAM memory block with a logteal address In ttie 128 
kbyte logical address space beginning at address 
OEOOOOH. The 128 kbyte RAM memory block is gen- 
erally accessed exdusively through the logical menrv 
ory address space beginning at memory address 
OEOOOOH. However, the NCA16MB* signal is asser- 
ted low in this instance to force the logical address 
space beginning at address FEOOOOH non-cacheable 
. in orderto prevent the 128 kbyte ROM rebcatfon RAM 
memory space from being placed In the cache 
through the logteal address space beginning at mem- 
ory address FEOOOOH. However, a noncoherent con- 
dition could still be forced if the 128 kbyte ROM 
relocatton RAM menrKiry block were updated through 
the non-cacheable address space beginning at mem- 
ory address FEOOOOH. 

The NRP signal and a cache write signal referred 
to as CCHEWR* are connected to the inputs of a two 
input NOR gate 350.7heCCHERMA*s^nal, the IR& 
GEN* signal and the RCONWPOFF s^nal are con- 
nected to the inpute of a three input NOR gate 352. 
The CGHEWPA* signal, the IREGEN* s^nal, and the 
WPROTECT* ^gnal are connected to the inputs of a 
three input NOR gate 354. The outputs of the NOR 
gates 350, 352, and 354 are connected to the inputs 
of a three input NOR gate 356 whose output is a signal 
refenred to as READONLY*. The READONLY* signal 
is asserted low to the cache controller ^ when a 
memory address write is designated as write protec- 
ted because of either the external logic 34 connected 
to the NRP input because the write was to the RMA 
register memory space, which is designated write pro- 
tected by the RMA register 140, and the Write Protect 
fiinctfon is on, or because the memory address 
reskles in the address space designated write protec- 
ted by the WPA register 1 82. One should note that the 
CCHEWPA* signal is only enabled to generate the 
READONLY* signal when the Write Protect bit in the 
ROM relocation register is asserted tow, signffylng 
that the output of the CMPGE16M comparator 1 82 is 
only enabled when the 128 kbyte RAM menKHy block 
where the ROM relocation occurs is designated as 
write protected. 

Therefore, the present invention aDoM a cadie 
controller to determine cacheable address and write 
protect memory address regtons using a single limit 
roister and a single comparator for each address 
region. This reduces the gate count and decreases 
the input buffer loading in the logk: drcuitry. 

TTie foregoing dlsdosure and descriptton pf the 
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invention are illustrative and explanatory thereof, and 
various changes in the size, shape, materials, compo- 
nents, drcuit elements, wiring connections and cor>- 
tacts, as wen as in the details of the ilustrated drcuitry 
and construction may be made without departing from 
the spirit of the invention. 



Claims 

1. An apparatus for determining if a armory 
address develof^ in a computer system Is w^in 
a plurality of memory address regions, the oonv 
puter system including a microprocessor, system 
memory, and a system memory address space 
comprising a predefined intermediate address 
location, the apparatus comprising: 

means for generating a signal which indi- 
cates whethersaid developed menKuy address is 
greater than the predefined intermediate memory 
address; 

a plurality of means for stcving a wewory 
address value which serves as a first t>oundary of 
a given menKsry address region; 

means coupled to each said memory 
address value stcuing means for comparing said 
memory address value developed by the com- 
puter system vnlh said fir^ boundary; 

wherein said comparing means coupled to 
a f^ numt>er of said storing means detennines 
whether said developed mmnory address Is less 
than the value stored In the respective storing 
means and generates a ^gnal indicative thereof 

wherein said comparing means coupled to 
a second number of said storing means deter- 
mines whether said developed memory address 
is greater than or equal to the v^ue stored In the 
respective storing means and generates a signal 
Indicative thereof; and 

wherein said comparing means coupled to 
a third number of said storing means receives 
said intermediate address indicating signal and 
detennlnes whether said developed memory 
address resides between the memory address 
stored in said respective storing means and the 
intermediate memory address and generates a 
signal Indicative thereof. 

2. The apparatus of daim 1 , wherein said third num- 
ber of storing nieans comprises a first storing 
means for storing a nrtemory address greater than 
said Intermediate address and a second storing 
meai^ for storing a mennory address less than 
said Intermediate address. 

3. The apparatus of daim 1, wherein each of said 
menrKuy address regions has associated wMi it 
only one said memory address value storing 



means and only one said comparing means. 

4. The apparatus of d^im 3, wherein said sy^em 
memory address space comprises a lowest vnexn- 

5 ory address and a highest memory address, the 
apparatus further oomprtelng: 

the memory address region as^idated 
with said first number of said storing nrteans being 
located between the memory address value 

10 stored in said respective storing rrmarra and said 
lowest menmy address; and 

the memory address region associated 
with said second number of ^id storing means 
being located between the memory address 

IS value stored in said respecthre storing means and 
said highest memory address. 

5. The apparatus erf daim 3. wherein said computer 
system further includes cache memory and. a 

20 cache contrdler, the apparatus further oomprte- 
Ing: 

said memory address regions Induding 
cacheable address regions; and 

means coupled to said cache controllerfbr 

25 receiving said indicating signals from said com- 
paring means associated with said cacheable 
address memory regions and for generating a 
cacheat>le address signal to said cache controller 
which indicates whether said generated memory 

30 address value is located in a cacheable address 
regton. 

6. The apparatus of daim 5, further comprising: 

said memory address regions further 
35 induding a write protect memory address regton; 
and 

indicating signal receiving means receiv- 
ing said indicating signal from said comparing 
means assodated with said write protect address 
40 region and generating a write protect signd to 
said cache controller which indicates wheth^ 
said developed address is located In said respec- 
tive write protect region. 

49 7. The apparatus of daim 5, further comprising an 
enabling bit, wherein when said enabling bit is 
deared the system menwry space is deemed 
cacheable and said comparing means output sig- 
nals are Ignored and when said enatriing bit is set 

so the system memory space Is deemed non-cadie- 
able and said comparing nteans output signals 
are enabled to designate cacheable address reg- 
ions in the system memc»ry space. 

6 8. The apparahjs of daim 5, further compridng: 

said recehdng means further comprising 
an input for receiving a signal generated by exter- 
nal logic, wherein said external logic signal can 
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force said cacheable address signal to indicate 
that a generated menrtory address v^ue is a 
cacheable or non-cacheable address. 

d. The apparatus of daim 1, wherein said storing 
means are programmable. 

10. The apparatus <tf daim 9, wherein each of said 
meniory address bc»jndary value storing n)eans 
stores a number of address bits representing a 
memory address value. 

11. An apparatus ior detenmining if a nfienrtory 
address developed in a computer system is within 
any of a plurality of mmory address regions, the 
computer system having a given address space, 
the address space being divided into regions 
based on the beginning of the address space and 
a location intemiediate in the address space, the 
apparatus comprising: 

means for perfonning an address decode 
of saki developed m^fnory address to determine 
if said developed n^emory address is greater than 
the intermediate address space location and pro- 
ducing a signal indicating thereof; 

means for storing a memory address value 
assodated with the beginning on the address 
space; 

a plurality of means for storing menKuy 
address values assocteted with the intermediate 
location of the address space; 

means feu* comparing the developed mem- 
ory address with said memory value stored in said 
beginning address space storage means and 
detenmining if said developed mermry v^ue Is 
less than said stored memory value; 

means receiving said Intennedlate 
address decode signal ft^ comparing the 
developed memory address with said menxiry 
value stored in afir^of said intermediate address 
space storage means, for determining if said 
developed memory value is greater than said 
stored memory value and produdng a signal Indi- 
cative thereof and for defeating operation of saUi 
detenfnining if said intermediate address decode 
signal is true; and 

means recehnng said Intemnediate 
address decode signal for comparing the 
developed memory address with said memory 
value stored In a second of said intermediate 
address space storage means, for determining if 
saU developed rrtemc^ value is less than said 
^ored memory value and for defeating operation 
of maid determining if said intenmediate addr^ 
decode signal is false. 

12. The apparatus of daim 11 , the computer system 
address space having a further division based on 



the end of the address space, the apparatus 
further comprising: 

means for st(»tig a mentory addr^ value 
assodated with the end of the address space; 
5 and 

means for comparing the developed m^n- 
ory address with said memory value stored in said 
ending address space storage nieans and deter- 
mining if said developed menmy value is greater 
10 than said stored memory valua 
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